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Pomeron-Odderon interference effects in electroproduction of 7r+ tt * ^ 
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We review the results of our studies on the charge and the spin asymmetries in the electroproduction of tt"*" tt" 
which are the observables sensitive to the Pomeron-Odderon interference. 



1. Introduction 

The description of the Oddcron [1] within QCD 
[2] was in recent years the subject of several stud- 
ies [3-6]. Being a partner of the Pomeron [7] 
which carries the quantum numbers of the vac- 
uum and which is well known from the study of 
diffractive processes, the odderon still remains a 
mistery. Although it differs from the Pomeron 
only by its charge conjugation property and from 
the point of view of general principles one could 
expect that its exchange leads to effects of a com- 
parable magnitude to those with the Pomeron 
exchange, the Odderon still escapes experimen- 
tal verification. The QCD predictions lead to 
a rather small cross section for the diffractive 
77c— production [8-10]. Recent experimental stud- 
ies of exclusive 7r°— production at HERA [11] 
show also a very small cross section for this pro- 
cess, which stays in contradiction with theoretical 
predictions based on the stochastic vacuum model 
[12,13], see also [14]. 

Because of these difficulties a new approach to 
Odderon search is required. In Ref. [15] it was 
proposed to search for Odderon effects by study- 
ing the charge asymmetries in open charm pro- 
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duction, which are linear in the Odderon scatter- 
ing amplitude. These ideas were further devel- 
oped in [16] where it was proposed to study odd- 
eron effects in the soft photoproduction of two 
pions. 

In two recent papers [17,18] we proposed to 
study the diffractive electroproduction of a 7r+ tf" 
pair to search for the QCD-Odderon at the am- 
plitude level. The main difference of our studies 
of the electroproduction process with respect to 
Refs. [15,16] is to work in a perturbative frame- 
work which we believe enables us to derive more 
founded predictions in an accessible kinematical 
domain. 



2. The theoretical framework 

We study the electroproduction of 7r+ tt" pair 
which proceeds through a virtual photon-proton 
reaction 



(1) 



In the Born approximation the Pomeron ex- 
change is described by two gluon exchange in a 
colour singlet state (see Fig. 1) and the scatter- 
ing amplitude in the impact representation has 
the form of a convolution in the 2-dimensional 
transverse momentum space 
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Figure 1. Feynman diagrams describing tt^tt electroproduction in the Born approximation 



Ml/t{P)^-is 



(27r)2 fc2 fc2 



J^; " (fci,fc2)- J^^^ (A:i,fc2) 



(2) 



where J^^^ (fci.fca) and Ji^^^^i, fcz) are 
the impact factors for the transition 72^^ — > 
7r+ TT^ via Pomeron exchange and of the nucleon 
in the initial state N into the nucleon in the final 
state A^'. 

The corresponding representation for the Odd- 
eron exchange, i.e. the exchange of three gluons 
in a colour singlet state, is given by the formula 
(see Fig. 1) 

Ml/t{0)^ 
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(Pki <fk2(Pk:i 5^'^\ki + k2 + h - p2-n) 



(3) 



(A:i,A:2,fc3) and J^'^ (^1,^2, ^2) are 



the corresponding impact factors for the same 
transitions via Odderon exchange. 

The impact factors in Eqs. (2) and (3) involve 
hard parts calculated perturbatively by standard 
methods and nonperturbative light-cone general- 
ized distribution amplitudes (GDA) [19] describ- 
ing the transition of a qq pair into the tt+tt^ final 
state. 

The choice of appropriate two pion GDAs is 
a point of crucial importance. We parametrize 



them according to results of recent studies [20,21]. 
The GPD related to the Odderon exchange in- 
volves (see [18] for details) the s— and d— par- 
tial waves contributions corresponding to /o and 
/2 meson poles in the tttt elastic scattering. The 
GPD coupled with Pomeron exchange involves a 
p— partial wave described by the phase shift and 
Breit-Wigner formula for the p— meson. 

The second important point of our approach 
is the choice of the impact factor describing the 
Pomeron and the Odderon coupling to the target 
nucleon. Here we are forced to use phenomeno- 
logical models derived to fit hadronic data [22,23]. 

3. The charge asymmetry 

The charge asymmetry is defined as 



X; J cos0d(T{s,Q'^,t,ml^,y,e,a,X) 
\=+,- 

J2 J da{s,Q'^,t,ml^,y,a,e,X) 

A=+,- 
/ dC0s9 COS 9 Ncharge 



(4) 



/ dcosO D 

where the dif- 

ferential cross section da{s,Q^,t,m2T^,y,0, X) is 
a function of the cms scattering energy square s, 
the photon virtuality Q^, the momentum trans- 
fer square t, the invariant mass of the pion pair 
TO27r, the longitudinal momentum fraction of the 
initial electron carried by the photon y, the po- 
lar decay angle (in the cms of the pion pair) 9, 
the azimuthal angle a between the leptonic plane 
and the plane of reaction (1) and of the helicity 
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of the scattered electron A. This asymmetry is 
a measure of the difference between the number 
of events in which the Tr~^ is produced in forward 
hemisphere (in the cms of the pion pair) and in 
the backward hemisphere. 

Introducing the reduced scattering ampUtude 
At{P/0) for transversely polarized photons: 
MriP/O) = (e(r) ■P2^)At{p/0) the numera- 
tor Ncharge and denominator D of the asymmetry 
have the forms 



N, 



charge 



= 8{1 -y)Re[ML{P)Ml{0)] 



+4(2-y)yT^|p2.| cosa Re [^t(P)A^I(0) 
+At{0) Ml{P)]+2(l+{l-yf+2{l-y) cos2a) 
\p2^\^Re[AT{P)A*Tm (5) 
and 



As one example of our results we present in 
Fig. 2 a plot of the charge asymmetry as a func- 
tion of the two pion invariant mass m27r and for 
the typical for HERA values of the other param- 
eters. The error band corresponds to a vari- 
ation of Aqcd and the soft coupling constant 
in the impact factor JpJ^^ ■ The characteristic 
"T-27r^ dependence of the asymmetry is completely 
understood in terms of the tttt phase shifts Sq, Si, 
S2 and its dependence on them ~ sin(^o,2 — Si). 

The important source of corrections to above 
prediction is due to the effects oi K K threshold 
in description of asymmetries for m27r > 1 GeV. 
The example of their magnitude is presented in 
Fig. 3 which shows the effect of taking into ac- 
count the inelasticity factor 77 [24] in the scatter- 
ing amplitude. We see that the charge asymme- 
try still remains sizable and it has a characteristic 
pattern. 



D^A{l-y)\ML{P)+ML{0)\' 



+4{2-y)^l-y\p2^\ cos a Re [(^t(P) + ^t(O)) 
{MliP)+Ml{0))] + il + il-yr 
+2(1 - y) cos2a)|p2.p \At{P) + ATiO)f (6) 
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Figure 2. Error bands resulting from a variation of 
Aqcd and the soft coupling aso/t- 



4. The spin asymmetry 

The spin asymmetry related to the polariza- 
tions of incomming electron and it is defined as 

As{Q^,t,ml^,y) = 

J2 Xjco8eda{s,Q'^,t,ml^,y,,0,X) 

_ \=+- 

J2 J da{s,Q'^,t,ml^,y,a,0,X) 



_ / (icos6'cos6' 

^ spin 

~ / dcos^ D 

with the numerator given by 



(7) 



= 4yv/l -ysina \p2A Im {Ml[P)A:'t[0) 

^Ml{P)A^{P)\ (8) 

while D is of course the same quantity as in the 
case of the charge asymmetry (6). In Fig. 3 we 
show the plot of spin asymmetry. Comparing it 
with Fig. 2 we conclude that the magnitude of 
spin asymmetry is quite small. 

Discussion 

P. Minkowski, Bern: Do you think that the 
asymmetries you study could be used for fixing a 
form of GDAs ? 
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Figure 3. m2,r— dependence of the charge asymmetry 
with the inelasticity factor 77(m27r) (solid curve) and 
with ri{in2n) ~ 1 (dotted curve) for = 5GeV^, 
t = -0.8GeV^ a = 0,y = 0.5 



Figure 4. m2,r— dependence of the spin asymmetry 
at t = -0.8 GeV^ = 3 (solid line), 5 (dashed 
line), 10 (dotted line) GeV^ 



L. Szymanowski: The motivation of our work was 
rather reverse: we tried to evaluate asymmetries 
assuming that we know GDAs. Of course if the 
data on asymmetries will be precise enough one 
could also think to do what you ask. 
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